Objectives: To determine whether use of a patient portal during hospitalization is associated with improvement in hospital outcomes, 30-day readmissions, inpatient mortality, and 30-day mortality. Materials and Methods: We performed a retrospective propensity score-matched study that included all adult patients admitted to Mayo Clinic Hospital in Jacksonville, Florida, from August 1, 2012, to July 31, 2014, who had signed up for a patient portal account prior to hospitalization (N ¼ 7538). Results: Out of the admitted patients with a portal account, 1566 (20.8%) accessed the portal while in the hospital. Compared to patients who did not access the portal, patients who accessed the portal were younger (58.8 years vs 62.3 years), had fewer elective admissions (54.2% vs 64.1%), were more frequently admitted to medical services (45.8% vs 35.2%), and were more likely to have liver disease (21.9% vs 12.9%) and higher disease severity scores (0.653 vs 0.456). After propensity score matching, there was no statistically significant difference between the 2 cohorts with respect to 30-day readmission (P ¼ .13), inpatient mortality (P ¼ .82), or 30-day mortality (P ¼ .082). Conclusion: Use of the patient portal in the inpatient setting may not improve hospital outcomes. Future research should examine the association of portal use with more immediate inpatient health outcomes such as patient experience, patient engagement, medication reconciliation, and prevention of adverse events.
Over the past several years, patient portal use has increased in both the outpatient and inpatient settings. 4, 5 Online, patients can review labs, provider notes, and medication and problem lists, request prescription renewals, manage appointments, and communicate with their physicians. While patient portal use is increasing, 6 the inpatient environment presents additional challenges for patients in receiving information about their care, which may affect use. The clinical conditions leading to hospitalization are often acute, at times with devastating consequences. The amount of medical information generated during a hospitalization can be extensive and delivered to the patient rapidly over a short period of time. Consequently, patients may have difficulty comprehending and integrating this information, as well as understanding the plan of care. 7 Furthermore, it is not uncommon for care teams to be new to patients and their families, further complicating communication. It is known that the majority of patients are unable to identify their primary inpatient providers. 8 Hospitalized patients' immediate access to the online portal is an additional challenge, since devices to access the Internet are not always available in the hospital. The advent of Internet-connected smartphones and tablets has facilitated online access. 9 Despite the barriers, patients want to receive and review health information electronically during their hospitalization and after discharge. [9] [10] [11] [12] [13] There is limited information regarding patient portal use in the inpatient setting and its association with clinical outcomes.
14 Most of the information regarding inpatient portal use is obtained from survey-based quasi-experimental studies of limited numbers of patients. 14 These studies report usability and satisfaction outcomes:
patients' intention to use the portal, 9 inpatient portal utilization, 15 and satisfaction with use of the portal tool. 13 Offering hospitalized patients access to a web portal via tablet computers increased their ability to correctly name more than one physician and their roles. 15 While these studies offer an indication that immediate health outcomes may be positive, to date no study has examined the association between hospital outcomes of 30-day readmissions, inpatient mortality, and 30-day mortality and patient portal use. Patients who use the portal to access their medical records while hospitalized may have an active interest in their outcome and information about their hospital stay. We pose the question of whether this engagement would reduce 30-day readmissions or decrease mortality. We asked two main questions in this study:
1. How do patients who access their portal accounts in the inpatient setting differ from those with access who do not? 2. Is there a relationship between inpatient portal use and hospital outcomes of 30-day readmission, 30-day mortality, and inpatient mortality?
To our knowledge, this is the first study to examine hospital outcomes associated with inpatient portal use.
MATERIALS AND METHODS

Study design and subjects
This retrospective study included all adult patients admitted to Mayo Clinic Hospital in Jacksonville, Florida, from August 1, 2012, to July 31, 2014, who had a patient portal account prior to hospitalization. If a patient had more than one inpatient admission during this time frame, only the demographic and clinical data from the first encounter was collected and analyzed. Patients were excluded if they were under 18 years of age at the time of admission. Hospital observation stays were not included. The study was approved by the Mayo Clinic Institutional Review Board.
Data collection
The EHR was used to obtain information on patient demographics (age at admission, sex, race, ethnicity, marital status, primary language, payor information, and employment status) and clinical information known at the time of admission (admission status, admission service, and comorbidities), and hospital outcomes (30-day readmission, 30-day mortality, and inpatient mortality). Principal and secondary diagnoses and procedures, comorbidities, and All-Patient Refined Diagnosis Related Group (APR-DRG) weight 16 were collected based on International Classification of Diseases, Ninth Revision, Clinical Modification codes extracted from hospital discharge abstracts. Hospital length of stay (LOS) was calculated using the dates and times of hospital admission and hospital discharge.
Patient Online Services (patient portal)
The Florida campus of Mayo Clinic implemented the Patient Online Services (patient portal) in 2010, initially providing patients with secure Internet access to their laboratory data. On March 1, 2012, access to outpatient physician notes was added. In May 2011, Mayo Clinic launched the Mayo Clinic Mobile app, which allows patients the same access as the web portal. This app was compatible with Apple iOS initially, and then expanded to Android as well. The app gives patients the flexibility to view their information on the go, to sync appointments to electronic calendars, and to set appointment reminders. The patient portal is tethered to Mayo Clinic Florida's EHR, PowerChart (Cerner Corporation, North Kansas City, MO, USA). Information is extracted from PowerChart and displayed by Mayo's proprietary online and mobile-based applications. The date and time that patients access the portal can be determined; however, the content or modules accessed cannot, due to a system limitation with PowerChart.
Patients routinely create portal accounts in the outpatient setting. Once an account is created, the portal gives a patient the opportunity to view lab results, clinic progress notes, and medication and allergy lists, and to send messages to care providers. When a patient who signed up for an account is hospitalized, the patient can then use the portal to access inpatient labs, inpatient admission notes, consultation reports, operative notes, and discharge summaries in real time. Radiology and pathology reports are available with a 72-h delay. Providers' daily progress notes are not viewable. While patient-to-provider electronic messaging is encouraged in the outpatient setting, communication between hospitalized patients and hospital care teams is not available.
Statistical analysis
Preadmission characteristics were summarized according to portal use during hospitalization among the cohort of patients who had a portal account prior to admission. We aimed to estimate the effect of portal use during hospitalization on hospital outcomes (inpatient mortality, 30-day readmission, and 30-day mortality). In an attempt to control confounding, propensity score matching was used to identify a cohort of patients with similar baseline characteristics. Propensity score is defined here as the conditional probability of an inpatient using his or her existing portal account given a set of covariates known at the time of admission (baseline). A multivariable logistic regression model with inpatient portal use as the dependent variable and all the baseline characteristics displayed in Table 1 as covariates was used to estimate propensity score. Up to 3 nonportal users 17 for each portal user were selected utilizing a greedy matching algorithm without replacement 18 with a caliper width equal to 0.2 of the standard deviation (SD) of the logit of the propensity score. 19, 20 To assess potential imbalance in baseline characteristics between the 2 groups, standardized differences were estimated before and after matching. A standardized difference of <10% for a given baseline characteristic was considered a negligible imbalance between groups. 20 In the matched cohort of non-portal users, summary statistics were weighted such that each patient was assigned a weight of 1 divided by the number of non-portal users matched to the corresponding portal user for the given analysis. Conditional logistic regression was used to evaluate the impact of portal use on inpatient mortality, 30-day readmission, and 30-day mortality. All models included a variable representing the match identifier as a stratification factor in order to preserve the benefit of matching. Models evaluating 30-day outcomes were adjusted for LOS (log scale). Patients were excluded from analyses evaluating 30-day outcomes if they died during their hospital stay or if they did not have a corresponding match after patients who died during their hospital stay were excluded.
Statistical analyses were performed using SAS statistical software (version 9.4, SAS Institute Inc., Cary, NC, USA), and all reported P-values are 2-sided without adjustment for multiple testing.
RESULTS
We identified 17 050 patients in the study period: 7538 (44.2%) had a portal account established at the time of admission and 9512 (55.8%) did not. Of the patients who already had portal accounts, 1566 (20.8%) accessed the portal during hospitalization. Patients' preadmission characteristics before matching are summarized in Table 1 and show substantial differences (standardized difference >20%) among those who accessed the portal by age, elective admission status, admission to medical or surgical services, comorbidity of liver disease, and disease severity (APR-DRG weight). Patients who accessed their portal account were more likely to be younger, to have more elective vs urgent admissions, to be admitted to medical services versus surgical services, and to have liver disease, and had higher disease severity scores than patients who did not access the portal during their stay.
We included 7538 patients with a portal account at the time of admission in the logistic regression model to estimate the propensity score for using the portal account during hospitalization. The c index from that model was 0.67. The mean propensity score among the patients who accessed their portal account during hospitalization was 0.260 (SD ¼ 0.125), compared with 0.194 (SD ¼ 0.094) for patients who did not access their portal account during hospitalization. As seen in Table 2 , all differences in preadmission patient characteristics between those who did and did not use the portal during hospitalization were considered negligible (all standardized differences 2.0%) after propensity score matching.
All but 7 patients who used the portal were matched to one or more patients who did not use the portal during their hospital stay. Matching retained 72.7% of the original cohort. The mean propensity score in the matched groups was 0.258 in the group that used the portal (SD ¼ 0.120, n ¼ 1559) and 0.227 in the group that did not use the portal (SD ¼ 0.098, n ¼ 3922).
Associations of portal use with hospital outcomes in the propensity-matched cohort are shown in Table 3 . There was no significant association of portal use with inpatient mortality (P ¼ .82), and, after adjusting for LOS, no statistically significant association with 30-day readmission (P ¼ .13) or 30-day mortality (P ¼ .087).
DISCUSSION
The primary objective of this study was to compare patients with portal accounts who accessed and did not access the portal during hospitalization and to determine if there was an association between inpatient portal use and 30-day readmissions and mortality. In this study, patients who accessed their portal account were younger and had greater disease severity and more urgent admissions. It is possible that patients (or their families) access the portal when they are uncertain of the hospital course. This would account for lower use among surgical patients (large portion of elective surgery) and those with shorter stays. After propensity matching, there were no differences in 30-day readmissions, inpatient mortality, or 30-day mortality after adjusting for LOS.
Of the 44.2% of patients who had a portal account at the time of admission, only 20.8% accessed the portal while hospitalized. There are several possible reasons for low inpatient portal use. Patient education regarding portal access and the potential benefits of portal use was not provided. The inpatient portal lacks specific features that allow communication between patients and care teams. Only admission notes, operative notes, consultations, and laboratory studies are available in real time. Daily progress notes cannot be viewed, and there is a 72-h delay in the viewing of radiology and pathology reports. Finally, the inpatient portal does not provide education regarding patient-specific disease processes.
Other studies similarly report low inpatient use. Davis noted that 34.4% of admitted patients were registered for the portal, but only 23.4% used it during hospitalization. 21 Among surgical patients admitted to a tertiary-care hospital, 25.3% had a portal account but only 16% of registered users accessed their account. 22 The lack of features designed specifically for inpatient use was previously emphasized in a systematic review. 14 Consequently, several medical centers designed hospital-specific applications aimed at improving the use and usability of inpatient portals. [23] [24] [25] In a realistic review, Roberts indicated that patient participation with inpatient health information technology (including patient portals) can be augmented by interactive learning focused on information sharing, self-assessment and feedback, tailored education, user-centered design, and user support. 26 Studies show that in the outpatient setting, patients with severe disease use portals more frequently, 27, 28 and patients who access portals have better outcomes in certain chronic medical conditions such as diabetes (lower HbA1c at 6 months), 29 hypertension
(improved blood pressure control at 12 months), 30 depression management (increased medication adherence), 31 and preventative care
(up-to-date immunizations and mammograms). 32, 33 Our study indicates that unprompted and unguided patient portal use does not have any benefit with respect to 30-day readmissions and mortality. There are several possible explanations for this. First, use of a patient portal may play a more important role in the longitudinal management of chronic medical issues than in the outcomes associated with acute management of a decompensating clinical situation. While patients and their families can review clinical information via patient portals, this passive, unguided review of clinical data may have little bearing on the overall hospital and immediate posthospital course. In a systematic review, Goldzweig et al. 34 noted that positive outcomes for patients with chronic diseases such as diabetes, hypertension, and depression were obtained only when portal use was enhanced with case management intervention, and the cohorts that showed clinical benefit received tailored education about portal use. Our patients were not specifically trained to use the portal, nor Categorical characteristics are given as the number and percentage of patients, while numerical characteristics are given as mean 6 SD. The sample mean of APR-DRG weight (0.497, log scale) was imputed for 14 patients (12 with no portal use and 2 with portal use) who were missing that information.
Abbreviations: APR-DRG, All-Patient Refined Diagnosis Related Group. Categorical characteristics are given as the percentage of patients, while numerical characteristics are given as mean 6 SD. Summary statistics in the group with no in-hospital portal use are weighted such that each patient was assigned a weight of 1 divided by the number of patients with no in-hospital portal use matched to the corresponding portal user.
Abbreviations: APR-DRG, All-Patient Refined Diagnosis Related Group.
did they receive targeted intervention such as case management via the portal. Secondly, in the outpatient setting, outcome improvement was noted mostly for chronic diseases where the disease course is influenced by self-monitoring and behavioral modifications (diabetes, hypertension, asthma, HIV, fertility management, glaucoma, and hyperlipidemia). 12 Due to the acute nature of inpatient conditions, behavioral modification is less feasible in the short time associated with hospitalization. Use of the patient portal is strongly encouraged by the Centers for Medicare and Medicaid Services, presumably to better inform patients and improve outcomes. 35 Our study shows that clinical outcomes are not improved. Our study has a number of limitations. The population cohorts were selected from patients admitted to a single academic tertiarycare referral center, which precludes generalizability of our findings. Education level, which could affect portal use, is not routinely recorded in the EHR, so we could not use this information. Another limitation is that only certain information can be accessed by patients in real time, while there is a 72-h delay with pathology reports and radiology testing. The effect of patient portal use may be different in hospitals that embrace the "open notes" concept, allowing patients immediate access to provider notes and test results. Due to a system limitation, we could not verify the type of information accessed by patients in the portal. Also, we did not control the device type (PC, tablet, phone) used to access the patient portal. Free Internet connection is ubiquitous in the study institution, and the patient portal has iterations that can be accessed on different platforms under multiple operating systems and via web browsing. Mobile device availability and patient familiarity with the mobile version of the patient portal were not evaluated. Although the information in the patient portal is private, some hospitalized patients may have shared their log-in information with their family, friends, or primary care physician, and we did not account for the patient's level of alertness at the time of portal access, nor did we evaluate who actually accessed the information. Prior inpatient or ambulatory use may be associated with inpatient portal use, and this was not assessed. Finally, there may be immediate outcomes that we did not directly examine where use of an inpatient portal may be of benefit, such as medication reconciliation, prevention of adverse events, patient satisfaction, and patient engagement.
CONCLUSION
This is the first study to examine the association between 30-day readmissions, 30-day mortality, and inpatient mortality and inpatient portal use. We found that there was no difference in 30-day readmissions, inpatient mortality, or 30-day mortality between portal and non-portal users and that inpatient portal use was low. The first step in determining whether patient portal use can improve hospital outcomes is to increase adoption and use by designing inpatient-specific portal tools that can engage patients and make them active participants in their health care. Future research should examine the role of portal use on more immediate outcomes such as patient experience and engagement to help clarify how patient portals can be used to improve outcomes.
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